
(19) J
Europaisches Patentamt

EurofJ an Patent Office

Office uropeen des br vets

(12)

(n) EP 1 168 427 A1

EUROPEAN PATENT APPLICATION

(43) Date of publication: (51) mt ci H01L21/318, H01J 37/32,
02.01.2002 Bull tin 2002/01 C23C 16/34, C23C 16/507

(21) Application number: 01113400.4

(22) Date of filing: 01 .06.2001

(84) Designated Contracting States: (72) Inventors:

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU • Tan, Zhengquan

MC NL PTSETR Cupertion, CA 95014 (US)

Designated Extension States: • Khazeni, Kasra

AL LT LV MK RO SI San Jose, CA 951 18 (US)

(30) Priority: 19.06.2000 US 596833 (74) Representative:

Kirschner, Klaus Dieter, Dipl.-Phys.

(71) Applicant: Applied Materials, Inc. Schneiders & Behrendt Rechtsanwalte -

Santa Clara, California 95054 (US) Patentanwalte Sollner Strasse 38

81479 Munchen (DE)

(54) Method o1 plasma depositing silicon nitride

(57) A method of forming silicon nitride having less

13 atomic percent hydrogen using an argon (Ar), nitro-

gen (N2) and a siiane (SiH4) gas chemistry. In one em-

bodiment, silicon nitride is deposited by forming a plas-

ma from a-gas'mixture comprising about 100 to about

250 seem of Ar, about 1 00 to about 500 seem of N2 . and

about 10 to about 80 seem of SiH4 in a plasma.
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Description

[0001] The present invention relates generally to a
method of processing semiconductor wafers. More spe-
cifically, the invention relates to a method of depositing s
a layer of silicon nitride.

[0002J Integrated circuits have evolved into complex
devices that can include millions of transistors, capaci-
tors and resistors on a single chip. The evolution of chip
designs continually requires faster circuitry and greater io
circuit density. As the circuit density decreases, the in-
sulating performance of the dielectric layers becomes
paramount.

[0003J One dielectric material that has been used is

silicon nitride. Silicon nitride is generally used as an in- is
sulating dielectric material between adjacent layers or
circuit structures. Silicon nitride is commonly formed us-
ing SiH4 ,

SiH2CI2 and SiCI4 in conjunction with NH3 andN2 .
During ihe silicon nitride deposition process, the hy-

drogen content of the film may vary with changes in the 20
temperature, power density and frequency during the
deposition processing cycle. Generally, the hydrogen

> content of the silicon nitride film isgreaterthan 1 3 atomic
percent. For example, plasma enhanced chemical va-
por deposition of silicon nitride (deposited at about 400 25
degrees Celsius) typically contains about 25 atomic per-
cent hydrogen. Increasing the temperature generally
lowers the hydrogen content (/.e., deposition at about
550 degrees Celsius lowers the hydrogen content to
about 13 percent). 30
[0004] The silicon nitride film is typically used for an
etch stop for intermetal dielectric (IMD) or premetal di-
electric (PMD) layers. The etch selectivity with respect
to the IMD or PMD layer is a critical performance pa-
rameter. A high etch selectivity is desirable. Another ap- 35
plication of the Silicon nitride is used as a copper barrier
to prevent copper diffusion into the intermetal dielectric
layer. Minimizing the penetration of copper into the sili-

con nitride layer is desirable to prevent electron migra-
tion and maintain the dielectric integrity of the silicon ni- 40
tnde film. Other properties desirable in silicon nitride
films include low leakage current and high dielectric
breakdown voltage.

[0005] The entrained hydrogen has a detrimental ef-
fect upon the dielectric performance of the silicon nitride 45
layer in a number of ways. For example, the hydrogen
bonds are often broken during subsequent processing,
resulting in degradation of dielectric integrity, such as
an increase in the leakage current and a decrease in

dielectric breakdown voltage. The dielectric integrity so
may be degraded in more advanced semiconductor de-
vices where the thickness of silicon nitride films used for
copper barrier must be thin (typically 300-500A). High
hydrogen content in the nitride film additionally leads to
lower etch selectivity with respect to silicon oxide. 55
[0006] Therefore, ther is a need in the art for a silicon
nitride deposition process and resulting film with im-
proved dielectric properties.

[0007] One aspect of the invention provides a method
for depositing silicon nitride havingj^j^n atoiitj
atomic percent hydrogen. In one "embodiment, the in-

vention provides a method of depositing silicon nitride
in a plasma processing chamber from a plasma formed
from a gas (or gas mixture) comprising argon (Ar), ni-

trogen (N2) and silane (SiH4).

[0008] The teachings of the present invention can be
readily understood by considering the following detailed
description in conjunction with the accompanying draw-
ings, in which:

Fig. 1 depicts a schematic diagram of a plasma
processing apparatus of the kind used in performing
the deposition processes of the present invention;
Fig. 2 depicts a flow diagram of the inventive proc-
ess; and,

Fig. 3 is a tabular summary of the processing pa-
rameters of the inventive method when practiced
using the apparatus of Fig. 1

.

[0009] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical element that are common to the figures.

[0010] The present invention provides a method of
forming silicon nitride having less than 13 atomic per-
cent hydrogen. In one embodiment, the invention pro-
vides a method of depositing silicon nitride from a plas-
ma formed from a gas (or gas mixture) comprising argon
(Ar), nitrogen (N2 ) and silane (Sihy. The deposition
process of the present invention can be performed in a
plasma enhanced, chemical vapor deposition chamber,
such as an Ultima® High Density Chemical Vapor Dep-
osition (HDP-CVD) system, available from Applied Ma-

'

tenals, Inc. of Santa Clara, California,

[0011] Fig. 1 depicts a HDP-CVD system (system)
100 in which the inventive deposition method may be
practiced. The system 100 generally includes a cham-
ber body 112, a lid assembly 114 and a substrate sup-
port member 1 1 6 which defines an evacuable enclosure
(chamber) 140 for carrying out substrate processing
The system 100 is coupled to a controller 102 compris-
ing a central processing unit (CPU) 1 06, a memory 1 08
and support circuits 110. The controller 102 is coupled
to the various components of the HDP-CVD system 1 00
to facilitate control of the deposition process.
[0012] The chamber body 1 1 2 is preferably a unitary
machined structure having a sidewall 118 that defines
an inner annular processing region 120 and tapers to-
wards its lower end to define a concentric exhaust pas-
sage 122. The chamber body 112 defines a plurality of
ports including at least a substrate entry port 1 24 that is

selectively sealed by a slit valve 1 44.

[0013] The uppersurface of the chamber wall 118 de-
fines a generally flat landing area on which the lid as-
sembly 114 is supported. One or more o-ring grooves
are form d in the upper surface of the wall to receive
one or more o-rings to form an airtight seal between the
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3 EP1 168 427 A1 4

chamber body 112 and the lid assembly 114.

[0014] The chamber lid assembly 114 is generally

comprised of an energy transmitting dome 132 and a

gas distribution ring 138. The lid assembly 114 provides

both the physical enclosure of the plasma processing

region 1 20 as well as the energy delivery system to drive

processing. The dome 132 is made of a dielectric ma-

terial that is transmissive to RF energy, an example of

which is a ceramic such as aluminum oxide (Al203 ). The

temperature of the dome 132 is regulated during the var-

ious process cycles, i.e., deposition cycle and cleaning

cycle. Typically, the dome 132 is heated during cleaning

cycles and cooled during processing.

[0015] The gas distribution ring 138 is disposed be-

tween the dome 1 32 and the chamber body 112. O-ring

grooves are formed in the top of the gas distribution ring

138 to receive an o-ring to seal the dome 132 and the

top of the gas distribution ring 138. The gas distribution

ring 1 38 typically comprises an annular ring made of alu-

minum or other suitable material having a plurality of

ports formed therein for receiving nozzles and which are

in communication a gas panel 190. The gas panel 190

may alternately be coupled to the chamber 140 via a

showerhcad 192. Optionally, both a showerhead 192

and gas distribution ring 1 38 may be used in conjunction

with each other. The gas panel 190 provides process

and other gases to the chamber 140.

[0016] Two separately powered RF coils, a top coil

172 and a side coil 174, are wound external to the die-

lectric dome 1 32. The RF coils 1 72 and 1 74 are powerec

by two variable frequency RF sources 176 and 17r.

Each power source (1 76 and 1 78) includes a control c -

cuit and an RF matching network to transfer power o

the plasma.

[0017] The substrate support member 116 is mour ad

to the chamber wall 118 to provide a generally anr Jar

substrate receiving surface in the center of the cha^oer

140. The substrate support member 116 also inc ;des

a temperature control system that maintains the te- ;per-

ature of a substrate 1 04 during processing. The c: ntrol-

ler 1 02 is coupled to the support member 1 1 6 an * sens-

es the temperature of the substrate 104. The controller

102 changes the temperature of the thermal fluid to

maintain the substrate 104 at a predeterminec' lemper-

ature. Alternatively, other heating and cooling methods,

such as resistive heating, may be utilized to control the

temperature of the substrate 104 during processing.

[ff018] When the support member 11 6 is positioned in

the chamber 140, an outer wall 150 of the annular sup-

port member 116 and an inner wall 1 52 of the chamber

1 40 define the annular exhaust passage 1 22 that is sub-

stantially uniform about the entire circumference of the

support member 116. The passage 1 22 terminates in an

exhaust port 1 54 that is substantially concentric with the

support member 116. The exhaust port 1 54 is disposed

substantially centrally below the substrate receiving por-

tion of the support member 1 1 6 to draw the gases evenly

through the passage 122 and out of the chamber 140.

This n£..>les more uniform gas flow ov r the substrate

surface -ibout the entire circumference thereof and ra-

dially downwardly and outwardly from the chamber 140

through exhaust port 154 centered in the base of the

5 chamt 3r ";40.

[0019- A pumping stack comprising a throttle assem-

bly 1r;5, a gate valve 158 and a turbomolecular pump

160 :s mounted on the tapered lower portion of the

chamber body 1 1 2 to provide pressure control within the

10 sysiem 100. The throttle assembly 156 and the gate

valve 158 are mounted between the chamber body 112

and the turbomolecular pump 160 to allow isolation via

G-.ie valve 158 and/or pressure control at pressures. A
fc reline 157 is connected to the exhaust port 154 at a

15 r.osition upstream and downstream from the turbomo-

iecular pump 1 60. This provides backing pump capabil-

ity. The foreline 157 is connected to the remote main-

frame pump (not shown), typically a roughing pump.

[0020] During processing of the substrate 104 in the

2t chamber 140, the vacuum pump evacuates the cham-

ber 140 to a pressure in the range of about 2 to about

1 5 mTorr, and a metered flow of a process gas or gases

is supplied through the gas distribution assembly and

into the chamber 1 40. The chamber pressure is control-

's led by directly measuring the chamber pressure and

feeding this information to the controller that opens and

closes the valves to adjust pumping speed. Gas flows

and concentrations are controlled directly by mass flow

controllers through a software set point provided in a

30 process recipe. By measuring the flow rate of gases be-

ing pumped out of the chamber 1 40 through the exhaust

port 154, a mass flow controller (not shown) on the inlet

gas supply can also be used to maintain the desired

pressure and gas concentration in the chamber 140.

35 [0021] In operation, the semiconductor substrate 104

depicted in Fig. 1 is placed on the substrate support

member 116 and gaseous components are supplied

from a gas panel to the process chamber through entry

ports 124 to form a gaseous mixture. The gaseous mix-

40 ture is ignited into a plasma in the process region 120

by applying RF power from the RF sources and respec-

tively to the top coil 172, the side coil 174, and the sub-

strate support member 116. Alternately, the gaseous

mixture may ignited by other methods. The pressure

4$ within the interior of the chamber 1 40 is controlled using

the throttle valve situated between the chamber 1 40 and

the vacuum pump. The temperature at the surface of

the chamber walls is controlled using liquid-containing

conduits (not shown) that are located in the walls of the

50 system 100.

[0022] The temperature of the substrate 104 is con-

trolled by stabilizing the temperature of the support

member 116 and flowing helium gas from a source (not

shown) to the channels formed by the back of the sub-

55 strate and grooves (not shown) on the substrate support

surface. The helium gas is used to facilitate heat transfer

between the substrate 104 and the substrate support

member 116. During the deposition process, the sub-

3

BNSDOCID: <EP 1168427A1_I_>



BP 1 168 427 A1

Z IV™
^ ,0 3 S,6ady Sta,e ^mpemt^e. Us-

'"9 hermal control of both the dome 132 and the sub-strate support member 116, the substrate 104 is main

7? So <

P0W6r appNed t0 the tQP indu=«ve coil
1 72 has a frequency between 50 kHz and 13.56 MHzand may vary in power from a few hundred Watts to sev-
eral thousand Watts. The RF power applied to the side

a siZC0UT haS 3 freqU6nc
y between » kHz andv^56 MHz and may vary in power from a few hundred

Watts to several thousand Watts. The power-applied *the substrate support member 116 may be DC or Rrand is generally used to improve step coverage As littleas no bias power may be used. ,n one embodime t o

12 se MH ' T t0P COi
'
P0W6r has a ,r°W of

12.56 MHz and a power of between about 1000 andabout 4800 Watts, and the side coil power has a fre-quency of 12.56 MHz and a power of between about
1 000 and about 4800 Watts, while the bias power has

SS?Z2
°f 13 56 MH2^ a P-erofuptoabou:

tf>024] To facilitate control of the system 100 as de-senbed above, the CPU 1 06 may be one of any form of
general purpose computer processor that can be usedn

i

ar.industrial setting for controlling various chambersan
' ^Processors. The memory 108 is coupled to.theCPU 1 06. The memory 1 08, or computer-readable me-

y f ° r m°re °f readi,y available memory

orv fROM
aC

?^
S

|

S memory
(
RAM

). read only mem-
ory (ROM), floppy disk, hard disk, or any other form of
digital storage, local or remote. The support circuit 0arecoupled^
in a conventional manner. These circuits include cache
Powersupphes.clockcircurts.inpuvoutput

circuitry and^systems, and the like. A deposition process 400 of

CPt. ri
6 remi°n iS typiCa,ly demented by the

2* J V 'S 9enera"y St0red in the memorV 1 08 aspart of a software routine 402. The software routine 402
.s discussed below wfth respect to Fig. 2. The software
routme 402 may also be stored andJor execu ed by a

thThIt
U Sh°Wn) that is remote,y '^ated fromthe hardware being controlled by the CPU 1 06™ J 7he deP°sition Process 400 is depicted in

g eater detail in Fig. 2 . The deposition process 400 com-

ZlZ?DS

,

of supp,yin9 ar9on to thew 1 oo(step 406) supplying nitrogen to the system 100 (step
408),suPPlyingsilanetothesystem 100(steP 410) reobating the pressure of the argon, nitrogen and silane

Z rSotof
100 (St

T
412)

'

3PP,yin9 ^P-er^o th

llnZ
Df°rmandsustaina P'asma152(steP 414)controlling the wafer temperature (step 416 and

Posing siiicon nftride (step 418). In one eld ment

E I.
9 Simultaneous

'y to Fig. 1 and Fig. 2he software routine 402 when executed by the CPU
1 06

, .
ansforms the general purpose computer into thespec he purpose computer (controller) 1 02 that controls

the chamber operation such that the deposition process

6

is performed. Although the process of the present inven-

ts dlscussed as bejng jmp|emented
P ^

-
ouane, some of the method steps that are diseased
herein may be performed in hardware as well as by the5 S
,°
ftware contro|ter. As such, the invention may be mPlemented in software as executed upon a comp^r

system, ,n hardware as an application specific integral

• a combii

t

a t

r
°
th

rT 01 hardWare -P^enln ora combination of software and hardwareS ^'e
feCifical,

y' silicon nftrideisdeposrtedon
the wafer 1 04, for example, by first supplying the case-ous mixture comprising about 200 seem of a'bout

the ch'

C

m
m
h

°f n 't

?
9en and ab°Ut 20m « s«ane, to

« leD4ifl?T
406, 408 and410

'

resPective|y- m

svSem Vo
PreSSUre

°f the 938 mixture '" thesystem 100 is regulated to about 6 mTorr

IKS f

0ncethe 9asmixt"re ispresentabovethewa-
e 04, step 414 applies about 1500 Watts of RFpower

» I th

°P C°"' and 3pplies about 3000 Watts of RF pow-
*- er to the s.de coil, forming and sustaining the plasma

steHfroe
04 h

f
ed 3b0Ut 400 d69rees Ce^step 416. Deposition of the silicon nitride having a hy-

drogen content of less than or equal to about 8 atomic

Til
Tbe

h
hydr09enco"tentofthe Siliconnitridelay-er obtamed by the process 400 compares advanta-

geously with silicon nitride deposited using prior artechn, A compa .son between sj|
.

con
9 P *

so exhiST I ^ deP°Si,6d Uti,i2in9 the^ 400
exhibit favorable physical properties as compared with
films deposed through prior art techniques. For exam-ple he silicon nitride film of process 400 typically hasa wet etch rate of 6.5 A/min in 6:1 BOE (btSeS oxSetcher) solution and a hydrogen content of abou 8
atorrncpemenumeasuredbyhydrogenfonvardscatter
-ng technique). The plasma enhanced chemical vapor

40
Additional,y the silicon nitride film of process

400 has supenor barrier properties as compared to sH-,on n rtnde films deposited uti.izing technique! knowm the art The copper diffusion length, or depth to which

45 c

C

!n

P
t

P
![

Pene
f

trataS iM0 the silic°"Stride film t a cTn
centration of io* atomic percent, is substantially im-proved the process 400 Is utilized. 2ston
tastf^^forplasma enhanced chemicalvapor depositionms of he prior art are generally about 300 A. Diffusion
lengths for films deposited using process 400 are gen

lenlt°
Ut 150 A

'

Fi 'mS that have short diffus onlengths may oe used to advantage in integrated circuit

5S
Thecsposition Process Parametersfortheem-» bod^nent of the invention disclosed above are summa-

obte
i

the process ranges through which one can pra -
hce the invention using a Ultima® HDP-CVD system.
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[0032] Additionally, the invention may be practiced in

other deposition equipment wherein the processing pa-

rameters may be adjusted to achieve acceptable etch

selectivity and copper barrier characteristics by those

skilled in the arts by utilizing the teachings disclosed

herein without departing from the spirit of the invention.

Claims

1. A method of forming silicon nitride in ^a plasma

processing chamber comprising the step of combin-

ing argon (Ar), nitrogen (N2), and silane (SiH4) in a

plasma.

2. The method of claim 1 wherein said combining step

further comprises the step of supplying 100 to 250

seem of Ar, preferably supplying 200 seem of An

3. The method of claim 1 wherein said combining step

further comprises the step of supplying 1 00 to 500

seem of N2 ,
preferably 200 seem of N

2
.

4. The method of claim 1 wherein said combining step

further comprises the step of supplying 1 0 to 80 se-

em of SiH4 ,
preferably 20 seem of SiH4 .

5. The method of claim 1 wherein said combining step

further comprises the step of maintaining a total gas

pressure of between 2 to 1 5 mTorr, preferably a total

gas pressure of 6 mTorr.

6. The method of claim 1 further comprising the step

of maintaining the workpiece at 250 to 500 °C, pref-

erably at 400 °C.

7. The method of claim 1 further comprising the step

of applying an inductive source power to a first in-

ductively coupled coil of 1000 to 4800 Watts, pref-

erably of 1500 Watts.

8. The method of claim 1 further wherein the formed

silicon nitride comprises less than 13 atom percent

hydrogen.

9. The method of claim 1 further comprising the step

of applying an inductive source power to a second

inductively coupled coil of 1 000 to 4800 Watts, pref-

erably of 3000 Watts.

10. A computer-readable medium having stored there-

on a plurality of instructions, the plurality of instruc-

tions including instructions which, when executed

by a processor, cause the processor to control a

semiconductor wafer processing chamber to per-

form the method of any of the proceeding claims for

combining argon (Ar), nitrogen (N2), and silane

(SiH4) in a plasma, wherein the combining step re-

sult in the formation of silicon nitride having less

than 13 atomic percent hydrogen,

11. A silicon nitride having less than 13 atomic percent

s hydrogen film formed in a chemical vapor deposi-

tion chamber by the process of combining argon

(Ar), nitrogen (N2), and silane (SiH4) in a plasma.

10
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PROCESS OF THE PRESENT INVENTION UTILIZING /
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PARAMETER UNITS RANGE 1

EXEMPLARY SETTINGS"
MIN MAX

100 250 200

NITROGEN
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